This Phase III, uncontrolled, open-label, multicenter study was conducted to investigate the contraceptive efficacy, bleeding pattern, and cycle control of a novel once-a-week contraceptive patch, delivering low-dose ethinyl estradiol (EE) and gestodene (GSD) at the same systemic exposure seen after oral administration of a combined oral contraceptive containing 0.02 mg EE/0.06 mg GSD. Participants were women aged 18 to 35 years, all of whom received the EE/GSD patch for 13 cycles each of 21 treatment days (one patch per week for 3 weeks) followed by a 7-day, patch-free interval. The primary efficacy variable was the occurrence of unintended pregnancies during the study period as assessed by life table analysis and the Pearl Index. Secondary efficacy variables were days with bleeding during four 90-day reference periods and during 1 treatment year, bleeding pattern, and cycle control. The Kaplan-Meier probability of contraceptive protection after 364 treatment days was 98.8% and the adjusted Pearl Index was 0.81. The percentage of participants with intracyclic bleeding/spotting decreased over time, from 11.4% to 6.8% in cycles 1 and 12, respectively. Almost all participants (range: 90.8%-97.6%) experienced withdrawal bleeding across the study period. Compliance was very high (mean: 97.9%; median: 100%). The most frequent adverse events were headache (9.5%) and application site reaction (8.5%); no clinically significant safety concerns were observed. Results suggest the EE/GSD patch is highly effective in preventing pregnancy. Menstrual bleeding pattern was favorable and within the ranges expected of a healthy female population. The patch was well tolerated and treatment compliance was high.
Introduction
The systemic delivery of steroid hormones by transdermal technology using patches containing an estrogen, or an estrogen plus a progestin, is well established in postmenopausal women. 1 Transdermal hormone delivery has also been successfully used for the purposes of contraception, with a transdermal contraceptive patch approved in 2002 in Europe that releases ethinyl estradiol (EE) and norelgestromin (NGMN) over a 7-day application period. This patch is associated with the same systemic exposure to EE and NGMN that is recorded after daily administration of a combined oral contraceptive pill (COC) containing 33.9 mg EE and 203 mg NGMN. 2 Recently, a novel transparent transdermal patch that delivers low doses of EE and gestodene (GSD) has been developed. The 7-day application period of this patch results in the same systemic hormone exposure as observed with daily administration of a COC containing 0.02 mg EE and 0.06 mg GSD. 3 Daily administration of COCs represents the most common contraceptive choice for women in the developed world 4 and is highly effective in preventing pregnancy. However, poor compliance with this treatment is a common problem and can result in greatly impaired efficacy. 5 There are additional problems with COCs, such as the low bioavailability of EE (38%-48%) after oral administration, 6 rapid and large fluctuations in serum hormone concentrations, 7 and large intra-and interindividual pharmacokinetic variations. 8 Transdermal delivery of contraceptive hormones, in contrast, offers several advantages over oral administration, including effective absorption and the provision of relatively constant serum concentrations. 7, 9 In addition to the convenience offered by weekly patch application, transdermal delivery of contraception provides a further choice for women, which may increase compliance and, thus, efficacy.
Both EE and GSD are a good choice for transdermal delivery since each is well absorbed through the skin. 7, 10 Indeed, EE is the most potent estrogen agonist available and has long been used in COCs, 11 while GSD is a well-researched progestin that has an established efficacy and safety profile and has been widely used in Europe for contraceptive purposes for more than 20 years. [12] [13] [14] Together with its good skin absorption properties, 10 the low absolute dose of GSD needed for contraception 15 allows for a small patch size.
The success of new nondaily hormonal contraceptive products, such as the once-a-week transdermal patch, EVRA 1 (Janssen-Cilag International N.V., Belgium), has highlighted the need for additional nondaily and/or nonoral hormonal contraceptive choices. A recent study showed that although many women discuss COCs with their health care provider, few discuss non-COC alternatives. 16 Furthermore, previous studies investigating women's views of contraception have reported that women admit to risk-taking behavior in terms of their compliance with contraceptive methods. Some women continue with the use of oral COCs that are seen as a familiar and acceptable contraceptive option, despite concerns such as skipping a pill dose. They report disliking methods of contraception that are invasive or involve a vaginal examination and have a low opinion of health care professionals' advice. 17 Negative views on methods of long-acting reversible contraception cannot be completely dispelled by providing women with accurate information on their efficacy and tolerability alone. 17 The principal aim of the present study was to investigate the efficacy and safety of the EE/GSD patch. As one of the major reasons women discontinue use of hormonal contraceptives is abnormal uterine bleeding, 18 it is essential that any new hormonal contraceptive entering the market is evaluated for its effect on both cycle control and bleeding pattern. Therefore, an additional aim of the study was to assess both the bleeding pattern and the compliance associated with the EE/GSD patch, since each may plausibly be improved due to the convenience of weekly patch application.
Participants and Methods

Objectives and Study Design
The primary objective of the study was to investigate the contraceptive efficacy of a transdermal contraceptive patch containing 0.55 mg EE and 2.1 mg GSD, which results in the same systemic hormone exposure as that observed with daily administration of a COC containing 0.02 mg EE and 0.06 mg GSD. Secondary objectives included the assessment of bleeding pattern, cycle control, compliance, and safety. This was a Phase III, open-label study conducted at 60 study centers in 7 countries (Germany, Italy, France, Spain, Chile, Mexico, and Australia). The study comprised 13 cycles, each consisting of 21 days of treatment (1 patch per week for 3 weeks) followed by a 7-day, patch-free interval.
Participants
Eligible participants were healthy women, aged 18 to 35 years (smokers: 18-30 years), with a normal cervical smear not requiring further follow up and a history of regular cyclic menstrual periods. As such, the study did not recruit women having hormonal imbalance with reduced fecundity. Written informed consent was obtained from all participants. Key exclusion criteria included pregnancy or lactation (fewer than 3 menstrual cycles since delivery, abortion, or lactation before start of treatment); obesity (body mass index [BMI] > 30 kg/m 2 ); conditions or medications that could alter the pharmacokinetics of the study drugs, for example, St. John's wort, antiepileptics, anticoagulants, hypnotics or sedatives, tuberculostatics, virostatic agents, oral antimycotics, additional sex steroids and other drugs impairing ovarian function, and phenylbutazone within 28 days before start of treatment; and use of antibiotics during treatment and within 7 days before start of treatment. Other exclusion criteria included diseases that could worsen during hormonal treatment; undiagnosed abnormal genital bleeding; abuse of alcohol, drugs, or medications; and use of other contraceptive methods (eg, sterilization, oral, vaginal, or transdermal hormonal contraception, intrauterine devices, implants, and long-acting preparations).
Assessments
The primary efficacy variable was the occurrence of unintended pregnancies during the study period, up to 7 days after removal of the last patch, as assessed by life table analysis and the Pearl Index. Pregnancy tests were conducted during the first and last visit, immediately before the first patch application and, if required, at each study visit (cycles 3, 7, and 10). Furthermore, participants were instructed to perform a home pregnancy test in case of absence of withdrawal bleeding. Secondary efficacy variables were the number of days with bleeding within 4 reference periods of 90 days each, and bleeding pattern and cycle control during 1 treatment year (13 treatment cycles, each of 28 days). Each volunteer kept a cycle diary in which occurrence/severity of bleeding and spotting was recorded daily. Participants were instructed that bleeding was defined as vaginal blood loss requiring the use of sanitary protection, whereas spotting was bleeding not requiring sanitary protection. Vaginal bleeding episodes were categorized as withdrawal bleeding when the bleeding started either after the last treatment day of the cycle (day 21) or not more than 4 days before treatment withdrawal in the case of a bleeding episode ongoing on the last day of treatment (day 21) and on the following day. All other bleeding episodes were considered as intracyclic bleeding, apart from application-deviation bleeding which was defined as bleeding resulting from complete/partial patch detachment for more than 24 hours or a patch not being replaced within 48 hours after the due time.
Safety variables were adverse events, results of physical examination, including vital signs, weight, gynecologic examination, cytologic cervical smear test, pregnancy test, and prior and concomitant medication. Adverse events were continuously monitored and recorded throughout the study. Compliance was assessed using diary cards. Efficacy and safety were analyzed in a full analysis set (FAS), defined as all participants who applied at least 1 study patch and for whom at least 1 observation after dosing was recorded.
Ethical Approval
The study was conducted in accordance with the ethical principles that have their origin in the Declaration of Helsinki and the International Conference on Harmonization of Technical Requirements for Registration of Pharmaceuticals for Human Use Guideline E6: Good Clinical Practice. The study was approved by the individual Ethics Committees of the participating sites.
Statistical Analyses
A sample size of at least 950 women (for 13 cycles each) was considered necessary to obtain a 2-sided 95% confidence interval (CI) for the Pearl Index with a probability of at least 90% so that the upper limit of the CI did not exceed 2.0 when the Pearl Index was 1.0. Statistical evaluations were performed using the SAS software package (release 9.1 or higher; SAS Institute Inc, Cary, North Carolina). All variables were analyzed by descriptive statistical methods, with frequency tables generated for categorical data.
Results
In total, 1631 women were included in the FAS, including 8 women who had received study treatment but were subsequently lost to follow up and who were conservatively assumed to have applied at least 1 patch. The baseline demographic characteristics of the participants in the FAS are listed in Table 1 . In total, 987 participants completed the study. The most common reasons for withdrawal were adverse events (14.3%) and personal reasons (12.1%; Figure 1 ). Participants excluded from the FAS were not included in any statistical analysis and were classified as the ''listing-only set.'' The listing-only set also included 26 participants who never took study medication and 37 participants who had no observation after admission to treatment.
Efficacy
Based on 14 pregnancies and 428 521 days of exposure, the unadjusted Pearl Index until 7 days after removal of the last patch was 1.19 (upper limit of 2-sided 95% CI: 2.00). Of the 14 pregnancies, 5 were considered to be the result of noncompliance. Based on the remaining 9 pregnancies and 403 361 days of relevant exposure, the adjusted Pearl Index until 7 days after removal of the last patch was 0.81 (upper limit of 2-sided 95% CI: 1.55). The Kaplan-Meier probability of contraceptive protection after 364 days of treatment was 98.8% (Figure 2) . The separate calculation of the Pearl Index in the European population (women recruited in France, Germany, Italy, and Spain), based on six pregnancies of which three were considered a result of non-compliance and 287,861 days of exposure, resulted in an unadjusted Pearl Index of 0.76 (upper limit of 95% CI: 1.66). Based on the remaining three pregnancies and 272,242 days of exposure, the adjusted Pearl Index for method failure was 0.40 (upper limit of 95% CI: 1.18).
Bleeding Pattern
As expected, the mean number of bleeding/spotting days per 90-day reference period was higher in period 1 than in subsequent periods, since the first administration of the patch in period 1 started on the first day of bleeding in those participants who had not used hormonal contraception in the cycle immediately before entering the study; the mean number of bleeding/ spotting days decreased from 19.8 + 8.1 in period 1 to 15.7 + 4.9 in period 4 ( Figure 3A ). The number of bleeding/spotting episodes per 90-day reference period did not change during the study ( Figure 3B ). Results from cycle 13 are not included in this analysis as diary entries for a given cycle were only valid when the withdrawal bleeding (or its absence) was documented as well as at least 2 days without bleeding after that event. Most participants, Figure 1 . Disposition of the study population. a For 8 participants, it is not known whether treatment was started; these participants were included in the FAS. The LOS comprises those participants who failed to satisfy the selection criteria for the study and never received any treatment. These data were not included in the subsequent statistical analysis. b Treatment was completed if a subject applied at least 1 patch after day 14 of cycle 13 according to the diary, or if the completion date was available and was at least 350 days after start of study treatment. FAS indicates full analysis set; LOS, listing-only set.
however, ended diary entries once they removed the last study patch. During cycles 1 to 12, almost all participants in the FAS experienced withdrawal bleeding, ranging from 90.8% of participants in cycle 1 to 97.6% of those in cycle 11. The intensity of withdrawal bleeding episodes was stable throughout the study (Figure 4 ). In addition, the onset of withdrawal bleeding after patch removal was stable over time (range: 2.7-3.0 days). The length of withdrawal bleeding episodes was stable throughout the study and ranged from 4.9 + 1.8 days (cycle 2) to 5.1 + 2.1 days (cycle 1).
The percentage of participants with intracyclic bleeding/ spotting episodes decreased over time from 11.4% to 6.8% in cycles 1 and 12, respectively ( Figure 5A ). Approximately half of these participants (between 43.0% in cycle 8 and 54.4% in cycle 2) reported intracyclic spotting only, which likewise decreased with time (cycle 1: 5.6% of participants; cycle 2: 6.5% of participants; cycle 11: 3.0% of participants; and cycle 12: 4.0% of participants). The intensity of bleeding/spotting remained stable over time ( Figure 5B) .
Compliance with the patch was very high, with a mean of 97.9% and a median of 100% (range, 3.0%-124.1%). The patch adhesion rate was also high, with complete and complete/partial patch detachments occurring in 5.7% and 15.3% of the study population, respectively. Considerable deviation from scheduled patch application (ie, detached patches were not replaced within 24 hours or patches were not changed after the 7-day wearing period plus an additional 48 hours) was recorded for 64 participants in cycle 1 and 21 participants in cycle 12, with a corresponding bleeding event occurring in 8 and 3 of these participants, respectively.
Safety
In total, 1007 (61.7%) of 1631 participants included in the FAS experienced at least 1 adverse event during treatment. The most frequently occurring adverse events were headache (9.5%) and application-site reaction (8.5%; Table 2 ). Discontinuation due to adverse events occurred in 234 (14.3%) participants (Figure 1) . No clinically significant trends or safety concerns were observed in the evaluation of other safety parameters, and no deaths were reported during the study. Overall, 35 (2.1%) participants experienced at least 1 serious adverse event, 4 participants experienced events related to pregnancies with abnormal outcome (2 cesarean sections, 1 double loop of the umbilical cord around the neck, and a case of equinovarus foot in the child), and 3 (0.2%) participants reported serious adverse events considered by the investigator to be related to study treatment: 1 case of reactive depression and suicidal ideation and 2 cases of pulmonary embolism. One of these pulmonary embolism cases occurred in an 18-year-old nonsmoker who also experienced deep vein thrombosis. This woman had no history of pregnancy and had used a subcutaneous hormonal contraceptive implant (68 mg etonogestrel, slow release over 3 years) for approximately 9 months before enrollment. She was overweight (BMI, 29.7 kg/m 2 ) and had received study treatment for more than 9 months prior to the event. Diagnostic evaluations revealed a heterozygous factor V Leiden mutation (associated with an increased risk of developing venous thrombosis) and a suspicion of iliac vein compression syndrome (May-Thurner syndrome). Both the deep vein thrombosis and pulmonary embolism were regarded as drug related; however, the woman's genetic profile was suggestive of thrombophilia, and both vascular events were possibly complicated by the external compression of the left common iliac vein. The second case of pulmonary embolism occurred in a 21-year-old light smoker approximately 4 months after study medication was initiated; this study participant also had a pulmonary infarction. The woman had no history of pregnancy and had previously used barrier contraception. Diagnostic investigations detected no deep vein thrombosis, and markers of thrombophilia were negative. Both these serious adverse events were considered to be drug related.
Discussion
The results of this study show that contraceptive efficacy with the EE/GSD patch was good, with unadjusted and adjusted Pearl Indices of 1.19 and 0.81, respectively. In addition, withdrawal bleeding pattern was favorable over the course of the study and the average number of bleeding/spotting days tended to decrease over time. Cycle control parameters showed an equally favorable pattern and were within the ranges expected of a healthy female population (an average withdrawal bleed of around 5 days with normal bleeding intensity). The number of participants with intracyclic bleeding/spotting also decreased during the study to a value in cycle 12 that was approximately half that of cycle 1. Together, these data suggest that the novel transdermal patch, which provides the same systemic exposure as seen after oral administration of a COC containing 0.02 mg EE/0.06 mg GSD, constitutes an effective and well-tolerated contraceptive option for women. High levels of compliance were reported in this study, which is in line with previous findings. A recent study using diary cards to measure compliance with a transdermal contraceptive patch containing 0.6 mg EE/6 mg NGMN versus other forms of contraception (oral and barrier) found compliance with oral contraception to be poor, with 77.8% reporting missed doses. In contrast, 90.5% of recorded cycles in the patch group were completed with perfect compliance. 19 Of the 1631 women who received treatment, 2 were diagnosed with pulmonary embolism. However, it should be noted that these were the only cases that have occurred in a development program that encompassed >3700 women, thus this number of thromboembolic events was expected. Moreover, although both cases were considered by the investigators to be related to study treatment, the first woman was overweight, heterozygous for a factor V Leiden mutation, and the investigator suspected the presence of May-Thurner syndrome, which may have predisposed the participant to venous thrombosis. The second case of pulmonary embolism was diagnosed after 4 months of study treatment, with no obvious predisposing factors other than the woman being a light smoker.
It should be noted that all combined hormonal contraceptives carry a small increased risk of venous thromboembolisms associated with the estrogen component. 20 Best evidence indicates that venous thromboembolism rates in nonusers of reproductive age approximate 4 to 5 of 10 000 women per year; rates in oral contraceptive users are in the range of 9 to 10 of 10 000 women per year. 21 For comparison, venous thromboembolism rates in pregnancy approach 29 of 10000 overall and may reach 300 to 400 of 10 000 in the immediate postpartum period. 20, 21 The risk of venous thromboembolism associated with oral contraceptive use is also increased in women with genetic thrombophilias such as Leiden V mutations 22 and in women who smoke or have a raised BMI. 20, 22 However, there is an ongoing unresolved debate, based on data from oral contraceptive studies, about whether contraceptives containing third-and fourthgeneration progestogens (such as GSD) carry an increased risk of venous thromboembolisms compared with levonorgestrelcontaining COCs. The risk of death from venous thromboembolism is low. 20 Based on a relative risk of 2, the excess risk of death for a woman taking modern combined hormonal contraceptives is 1 in 100 000, which is much lower than the risk of everyday activities such as cycling. 23 There is also conflicting evidence regarding whether the transdermal route of administration is associated with a higher incidence of venous thromboembolism. Several studies have indicated a 2-fold increase among patch users 24 while others have not confirmed this. 25 This highlights the need to develop transdermal hormonal contraception that delivers lower levels of EE. 24 Although the risk of venous thromboembolism associated with COC use is known to decrease with decreasing estrogen dose, the role of different progestogens in affecting risk remains controversial. 26 Although this study was open label in design and consisted of a single treatment arm, the results presented here suggest that the novel transdermal contraceptive patch is a promising option for women who currently consider their contraceptive choice to be limited or unacceptable in terms of effects on bleeding pattern and cycle control. However, it should be noted that this study was limited by the fact that it only included healthy women with regular cycles and excluded obese women; this impacts on the generalizability of these study findings to the general population.
In conclusion, our study found this novel, transdermal contraceptive patch to be highly effective in terms of preventing pregnancy, with an adjusted Pearl Index of 0.81. Menstrual bleeding pattern was also favorable, and the patch was well tolerated with no unexpected findings related to use of a transdermal hormonal contraceptive.
